Abstract: Progenies of Oryza sativa cv. Nipponbare induced with 0.4% ethyl methane sulphonate (EMS) were screened for quality mutants and the preliminary quality mutant population was constructed in present experiment. A total of 2210 materials were first screened using near infrared reflectance spectroscopy (NIRS) from which 208 quality mutants were obtained for a second screening and then yielded 73 quality mutants including amylase content (AC), gel consistency (GC), gelatinization temperature (GT), protein content (PC), rapid viscosity analysis (RVA) parameters and amino acid contents. The screening yielded 11 PC mutants with a mutation frequency of 4.98‰, followed by 7 rice floury viscosity mutants (3.17‰), 5 AC mutants (2.26‰), 4 chalky mutants, GT and GC mutants (1.81‰), and 2 ASV mutants (0.9‰). The relative contents of 17 kinds of amino acid mutations, including 7 kinds for essential amino acids and 10 kinds for nonessential amino acids were identified. With the variation of 10% as the screening standard, mutants were obtained for lysine and leucine at 0.45‰ and for valine at 4.98‰, but no mutants were found for isoleucine, phenylalanine, threonine. For nonessential amino acids, mutants of glutamic (0.45‰), arginine (3.62‰), alanine (3.17‰), serine (0.45‰), glycine (0.45‰), tyrosine (1.81‰), proline (2.71‰), and histidine (0.45‰) were obtained, but none was found for aspartic, phenylalanine nor threonine. At 100% as the screening standard for methionine and cysteines, the mutation frequency of these two amino acid mutants were 0.9‰ and 4.98‰ respectively. Quality mutants in this preliminary library of rice could play important role in gene function and breeding of rice quality.
Introduction
Rice (Oryza sativa L.) is not only a major cereal crop that provides the staple food for more than half of the world's population, serving as a daily source of carbon intake, and also a plant that has attracted broad interest in basic and applied research (Fitzgerald et al. 2009; Tian et al. 2009 ). The publication of the draft genome sequences of indica and japonica subspecies (Goff et al. 2002; Yu et al. 2002) suggest that the study of these two rice cultivars has entered into the post-genomic era. Efforts to reveal the functions of genes in rice have become an important aspect of rice research. After the completion of the rice genome sequence, several databases annotated for rice genes have been developed (Ito et al. 2005; Ouyang et al. 2007; Tanaka et al. 2008; Yuan et al. 2005) . These works facilitated the functional analysis of rice genes by forward or reverse genetic strategies, and also resulted in rice becoming a model plant for the study of the cereal genomes. The construction of the saturated library of rice mutants is an effective approach to confirm gene function by utilizing database of rice genome and the annotated information of gene. Some trials like Ac/Ds tagged (Kim et al. 2004; Kolesnik et al. 2004) , T-DNA insertion (Jeong et al. 2002) , Tos17 insertion (Ding et al. 2007; Miyao et al. 2003) and new-type endogenous transposon insertion (Nakazaki et al. 2003; Tsugane et al. 2006 ) have been used to develop rice mutant resources and a large number of mutant lines has been generated. A library of more than 50 000 Tos17 insertion lines of Oryza sativa cv. Nipponbare were produced by Miyao et al. (2007) . Sallaud et al. (2004) reported a library of 30 000 T-DNA insertion lines of japonica cultivar Nipponbare. An Oryza Tag Line (OTL) database with a set of 13 928 lines related to 266 traits of interests was generated by Larmande et al. (2008) . There were insertion lines that were also generated by enhancer/gene trapping and activation tagging Wu et al. 2003) . Recently, a library containing over 300 000 insertion and/or tagged mutant lines generated by Wu et al. (2005) are roughly estimated to cover approxi-1100 D.P. Zhang et al. mately 80% of rice genes. Droc et al. (2006) reported a database containing 44 166 flanking sequences from major insertion mutagenesis projects. These resources will supply materials and information for discovering functions of novel genes underlying agronomic traits.
Insertion DNA or transposons tend to integrate preferentially into specific sites in the genome (Jeong et al. 2006; Miyao et al. 2003) . Chemical mutagenesis with high-throughput genotyping and high efficiency in detecting genetic polymorphism (as an efficient approach in contrast to insertion mutagenesis) is thought to carry evenly distributed nucleotide mutations through the whole genome (Borevitz et al. 2003; Winzeler et al. 2003) . The TILLING method makes it possible to conduct high-throughput screening of point mutations using EMS-induced mutants (Colbert et al. 2001; Till et al. 2003) . Consequently, there is a growing interest in the use of chemical mutagenesis in functional genome research.
A better understanding of the factors that contribute to the overall grain quality of rice (Oryza sativa) will lay the foundation for developing new breeding and selection strategies for combining high quality with high yield. This is necessary to meet the growing global demand for high quality rice and improve grain quality to meet the requirements of rice consumers (Fitzgerald et al. 2009 ). The library with wide variety of quality mutant phenotypes could supply resourceful materials for the understanding and study of rice quality. However, most mutants constructed in the library were more morphologically rather than quality related. One of the reasons was that quality traits were difficult to identify directly with the vision. The other reason was that the measurement of quality traits could result in the destruction of rice grains. Thus, the large-scale library of quality mutants has not yet been constructed, and therefore there are not enough mutant materials for research into the functions of genes related to rice quality traits. Recently, near-infrared reflectance spectroscopy (NIRS) an efficient and non-destructive method was utilized to analyze rice quality traits like AC, PC, AAC, ASV, and RAV of rice floury, as a result of which prediction equations with higher coefficient of determinations have been developed for these traits. NIRS was used conveniently for the large scale screening of quality mutants (Bao et al. 2001; Delwiche et al. 1996; Kawamura et al. 2003; Shi et al. 2006; Velasco & Becker 1998; Wu & Shi 2004; Zhang et al. 2011) .
In the present study, Oryza sativa L. cv. Nipponbare which the genome sequencing has been completed was selected as the material, and a morphological (but not quality related) mutant library induced by EMS for the variety has been reported (Thang et al. 2010 ). The seeds of this variety were chemically mutagenized for screening the quality mutants and construct a library with different kinds of quality mutants. This work could be helpful to elucidate the biological functions of novel rice genes related to rice quality and possibly facilitate genetic analysis and map-based cloning.
Material and methods

Plant material and mutagenesis
Uniform seeds of O. sativa ssp. japonica cv. Nipponbare were used for mutagenesis and quality mutant library construction in the present experiment. Seeds (M0) were presoaked in water for 16 hours, dried and then treated with 0.4% EMS solution for 8 hours. The treated seeds were then washed several times with distilled water. All seedlings (M1) from the treated seeds were transplanted into the paddy field and the seeds which constitute the M2 generation were harvested at maturity. Seeds of the M3 generation were separately harvested from M2 plants, and selfing was continued until seeds from M4 and M5 were obtained.
Preliminary screening for quality mutants by near-infrared reflectance spectroscopy (NIRS) M3 seed samples of each plant line were selected for amino acid determination using NIRS analysis, based on the method by Wu et al. (2002) , All the samples were scanned on a NIRSystems model 5000 monochroator (NIRSystems, Silver Spring, MD, USA), and the Amino Acid auto-analyzer (model L-8500 Hitachi) was used to determine the amino acid contents. The remaining seeds were reserved for future generations.
Screening for chalkiness endosperm mutants and scanning electron microscope and stereo microscope analysis The seeds which had been dried to about 13% moisture content were dehulled for screening brown rice mutants with lager chalkiness. Cross-sections of kernel were used for stereomicroscope analysis (Leica MZ95, Leica Microsystems (Switzerland) Ltd). Finally, the samples were dried to the critical point with liquid CO2, and coated with goldpalladium before they were mounted for observation under an SEM (Hitachi TM-1000 Tabletop Microscope).
Screening for amylose content, gel consistency, and protein content mutants Amylose content and gel consistency were measured according to the standard of NY147-88 (Ministry of Agriculture, 1988) . Protein content was represented by the sum of the content of amino acids.
Screening for thermal properties of rice powder mutants Thermal properties were analyzed using a DSC Q20 V24.4 Build 116 thermal analyzer (TA Instruments, Newcastle, DE) equipped with DSC standard and dual sample cells. Rice powder (3.0 mg, db) was weighed into an aluminum pan, and 14 µL of distilled water was added. The pan was hermetically sealed and then heated as was done by . A sealed pan with 14 µL of distilled water was used as a reference. Gelatinization temperature (GT), onset (To), peak (Tp) and conclusion (Tc) temperatures, width at halfpeak height (∆T 1/2 ), and enthalpy (∆Hg) of gelatinization were calculated by a Universal Analysis Program, version 4.7A (TA Instruments).
Screening for pasting viscosity mutants Rice powder pasting viscosity was measured according to the method of by the Rapid Visco Analyser (RVA, model 3-D, Newport Scientific, Warriewood, Australia). 
Results
A total of 2210 materials of M 1 have been obtained after being mutagenized by EMS. Thirty eight chalky mutants were screened directly by visual observation and 170 cooking and nutritional quality mutants were initially screened by NIRS. All of the 208 mutant's materials were grown to obtain the M 2 generation. By the second screening for the seeds of 208 mutants M 2 , 4 chalky mutants and 69 cooking and nutritional quality mutants were obtained. The 4 chalky mutants were stable with a high percentage of chalkiness. Mutants D.P. Zhang et al. were identified after two years (2009 and 2010) of repeated cultivation. These 69 mutants of cooking and nutritional quality would be identified by chemical determining method.
Screening for chalky mutants
There were 4 chalky mutants identified from the 2210 mutant population. The endosperms of milled grains of the WT were uniform and clear (Fig. 1a) , and they were different in appearance from those of chalky mutants (Fig. 1b-e) . The cross-section of brown grains of WT (Fig. 1f ) and chalky mutants (Fig. 2) were also different. It was found that the shape and size of chalky section between 4 mutants were unlike to each other. The SEM photographs of WT (Fig. 1k ) and chalky mutants (Fig.  1l-o) showed that their starch granules were also different, and the chalky percentage of 4 mutants were 100%, 88.5%, 93.5% and 97.5%, respectively. Thus, at a mutation frequency of 1.81‰ for chalkiness, the 4 chalky mutants were not the same.
Screening for AC, GT, GC and PC mutants
The AC of WT is 18.66 ± 0.51%, two AC mutants with higher values and three lower AC values mutants were screened by chemical measure, and the AC their values were showed in Fig. 2a . The total mutation fre- Profile numbers are the same as it in Fig. 4 quency of AC trait was 2.26‰. For GT, at a temperature of 60.01 ± 0.48
• C for the WT, four mutants were obtained with two of them being higher while the other two were significantly lower than the WT (Fig. 2b) . For the two lower GT mutants, there was no significant difference with the WT in T o , T p , T c , ∆H g , but the ∆T 1/2 of the two mutants was significantly higher than that of WT (data not shown). There were also 4 mutants for GC that were screened from the mutant population (Fig. 2c) , resulting in a mutation frequency of 1.81‰ for both GC and GT. Here, the total content of 17 amino acids represented PC. The normal PC of the WT is 7.93 ± 0.21% and the mutation frequency of PC was 4.98‰. Of the 11 mutants, detected, 10 were higher while 1 was significantly lower in PC than WT.
Screening for ASV mutants
The highest ASV grade of WT is 7 and most of mutants have the same ASV grade with WT (Fig. 3a) . Only two mutants with 5 grade have been screened (Figs 3b,c) , the mutation frequency was 0.9‰.
Screening for RVA mutants
The RVA profile of the WT (Fig. 4b) is shown with the mutants (Figs 4a, c-h ) in the same picture, and 7 mutants were screened. One was a high RVA mutant and other six were low RVA mutants, and the parameter of Peak, Hold, and Final are shown on Table 1 . The mutation frequency of this trait was 3.17‰.
Screening for relative contents of amino acid mutants All 69 mutants obtained from primary screening by NIRS were used to measure amino acid contents. The real contents of 17 kinds of amino acid have been obtained and were translated to relative contents of amino acid for mutants screening. The relative amino acid content of the WT, and the screening results at different percentage levels of lower or higher than that of WT are shown on Table 2 . Unlike for AC, GC, and chalkiness, the values for the relative content of amino acid represented a continuous distribution, suggesting that there would be different results at different screening standards. If the screening standard is set at 10% it means the values of mutants higher or lower 10% than the WT would be selected as the mutants. Consequently, for essential amino acid, 1 higher for lysine, 1 lower for leucine, and 11 higher for valine mutants have been screened, and the mutation frequency of both lysine and leucine were 0.45‰ while that of valine was 4.98‰. No mutant was obtained for isoleucine, phenylalanine, threonine of essential amino acid. For nonessential amino acid, 1 lower for glutamic, 8 lower for arginine, 7 higher for alanine, 1 lower for serine, 1 higher for glycine, 3 lower and 1 higher for tyrosine, 3 Values are mean ± SD (n = 7).
lower and 3 higher for proline, and 1 lower for histidine have been obtained at mutation frequencies of 0.45‰, 3.62‰, 3.17‰, 0.45‰, 0.45‰, 1.81‰, 2.71‰ and 0.45‰ for glutamic, arginine, alanine, serine, glycine, tyrosine, proline and histidine, respectively. No mutant was obtained for aspartic, phenylalanine and threonine which are nonessential amino acids. It is interesting to note that the variation in methionine and cysteine was very significant compared to other amino acids and the relative content of some mutants were more than 100% higher or lower than WT. So if 100% was set as the screening standard, there would be 2 higher mutants for methionine and 11 higher mutants for cysteine, at mutation frequencies of 0.9‰ and 4.98‰, respectively. There might be two reasons for this case. On one hand, although the relative contents of methionine and cysteine were significantly lower (approximately 1%∼2%) than those of other amino acids, a small change in the content could result in a high variation. On the other hand, these two kinds of amino acids may be more sensitive to the EMS than the others, thus their relative contents presented significant differences when treated with mutagenic EMS.
Discussion
Chemical mutagenesis is simple, with a high mutation frequency, and could generate massive mutants in a short period of time. Many mutant materials which were mutagenized by EMS or other chemical mutagens played important roles in the analysis of functional genome of rice and Arabidopsis Till et al. 2007; Wu et al. 2005 ). EMS mutagenesis not only generates loss-of-function mutants, but can also generate novel mutant phenotypes, which include dominant or gain-of-function versions of proteins owing to alterations of specific amino acids (Maple & Moller 2007) .
Thus chemical mutagenesis has been regarded as a reliable method together with mapping and cloning to isolate and characterize genes (Thang et al. 2010 ).
In screening the quality mutants for PC and amino acid (s), the values of mutants for those traits had continuous distributions after being mutagenized by EMS. It was different from the screening for chalkiness, AC, ASV, and GT. Because of this, it was predicted that the chalkiness, AC, ASV, and GT mutants from this mutant population might be the single gene mutants, and could be mapped or cloned by a map-based cloning strategy. The PC and the relative contents of amino acid mutants might be generated by QTL mutation which has the larger genetic effect, and the effectors could be studied by QTL approaches. In addition, if there were some superior mutants in this mutant population, it could be directly used in breeding programs. For instance, lowering the GT in the rice grain could decrease average cooking times by up to 4 min, which is benefitial for global savings of carbon, and is of particular relevance to poor, rural households that depend on scarce local supplies of fuel (Fitzgerald et al. 2009 ). The lower GT mutants in this library would be good materials in breeding for low GT.
The current problems of increasing urbanization (Khush 2005) , biofuel policies (Fitzgerald et al. 2009 ), decreased funding for rice research (Rosegrant & Cline 2003) , and issues of climate change (Stern & Taylor, 2007) all threaten rice production. All these factors, directly or indirectly, influence both the quantity and the quality of rice that is available for consumption. Tackling the problems therefore demands a united effort and the utilization of all available tools (Fitzgerald et al. 2009 ).
In this study, a preliminary library of rice quality mutants was reported, and this is just a first step. Appearance, aroma, texture, mineral element, and vitamin of rice grains which were not investigated in this study, would became important topics in next study along this line of research. Consequently, the construction of a saturated library of rice quality mutants would be possible based on the results in the present and further studies. The mutants of this library could play important roles in gene function and breeding of rice quality.
